Extracts of a fluorescent species of Pseudomonas grown with m-cresol, degrade gentisic acid without isomerization of the ring-fission compound, maleylpyruvate, to give eventually D-malate and pyruvate. D-Malate is also a growth substrate. L-Malate but not D-malate is oxidized by a particulate enzyme not requiring nicotinamide adenine dinucleotide (NAD) or nicotinamide adenine dinucleotide phosphate (NADP). NAD-or NADP-linked malate dehydrogenases are absent but cells contain an NADP-dependent L-malic enzyme. Exposure of cells to exogenous D-malate induces an NAD-dependent D-malic enzyme, not present when D-malate is formed endogenously. Succinate-or m-cresol-grown cells, containing no D-malic enzyme, rapidly oxidize D-malate in the presence of chloramphenicol at a concentration suffient to inhibit protein synthesis. An NADP-dependent cell-free system, prepared from succinate-grown cells which oxidized D-malate, is described.
A nonfluorescent species of Pseudomonas (NCIB 9867) that utilizes m-cresol and xylenols has been investigated (3) . A methyl group situated meta to hydroxyl in each compound is first oxidized to carboxyl. The resulting monohydroxybenzoic acid is next hydroxylated to give gentisic acid (2,5-hydroxybenzoic acid), or a substituted gentisic acid, which then serves as substrate for a ring-fission dioxygenase. Gentisic acid, formed from m-cresol, is degraded by extracts of this organism to pyruvate and Dmalate (3) . Such extracts lack an isomerase, shown to be present in other species (6) , which converts maleylpyruvate into fumarylpyruvate. Accordingly, the unnatural isomer, D-malate, is formed by hydration of maleic acid; and L-malate, which would arise from fumarate, is not given by this reaction sequence. The metabolism of Dmalate in this organism has not been elucidated. In the present work, we studied a fluorescent pseudomonad which resembles the first organism insofar as it degrades m-cresol to gentisate and D-malate; however, it also possesses the advantage, for our investigations, of being able to oxidize exogenously supplied D-malate readily, unlike the organism studied earlier (3) . Preparation of cell-free extracts. The preparation of crude sonic extracts and their subsequent treatment with (NH4)2SO4 were described previously (1) Although no L-malate dehydrogenase (EC 1.1.1.37) was present in the soluble portion of cell extracts, washed particles contained a dehydrogenase for L-malate that could be assayed with 2,6-dichlorophenol-indophenol as electron acceptor (Fig. 2) (Fig  3a) . The enzyme was identified as D-malic enzyme from assays performed with extracts prepared from the same cell suspensions in a similar experiment performed on a larger scale. Two 250-ml Erlenmeyer flasks each contained 150 mg of succinate-grown cells (dry weight) suspended in 70 ml of 0.1 M phosphate buffer (pH 7.0) with the addition of 3 ml of 0.05 M D-malate, and were shaken at 30 C. One flask also contained chloramphenicol (50 ,ug/ml). After 80 min, the cells were collected in separate batches by centrifuging, cell extracts were prepared by sonic treatment, and each was assayed for D-malic enzyme (Fig. 3b) .
It was evident that none of the enzymes concerned with the metabolism of malic acid which we had studied could account for the basal oxidation of D-malate observed for intact cells grown with succinate or with m-cresol. Crude extracts of succinate-grown cells, containing the high concentration of 38.5 mg of extract protein in a reaction volume of 2. when they were added separately. The addition of boiled supernatant solution to the fine particles had no effect. However, resuspension of the particles in the supernatant gave an active system for oxidation of D-malate in the presence of NADP (Fig. 5) . The total uptake of oxygen and also the evolution of carbon dioxide measured in separate experiments indicated that D-malate was oxidized to completion. Attempts were made to elucidate the reactions that initiated this oxidation. Enzymes that produce glyoxylate from malate, and require both adenosine triphosphate and coenzyme A, have been reported for Rhodopseudomonas spheroides (13) and Rhodospirillum rubrum (8 oxidizing L-malate that are bound to "particles" which arise from disruption of the cellular membrane by sonic treatment. In Pseudomonas NCIB 9869, we showed that these particles mediated the transfer of electrons between Lmalate and 2, 6-dichlorophenol-indophenol. Neither the soluble nor particulate fractions of our cell-free extracts catalyzed the oxidation of Dmalate by reactions similar to those described above for L-malate. Nevertheless, the organism was able to oxidize exogenously supplied D-malate by use of two distinct processes (Fig. 3) . Cells grown with succinate or m-cresol oxidized D-malate at an appreciable rate without prior exposure to this substrate, and this may be the system used when they oxidize D-malate, formed endogenously by catabolism of gentisate and other aromatic compounds. This basal rate was augmented when D-malic enzyme was induced by exposure to D-malate (Fig. 3) . When Stern and Hegre (9) discovered D-malic enzyme in Escherichia coli and other organisms (10), including P.fluorescens, they also found that it was strictly inducible. However, it is evident that D-malic enzyme cannot be induced in Pseudomonas NCIB 9869 by endogenously formed D-malate, at least at the concentrations furnished by metabolism of gentisate because cells grown with m-cresol do not contain this enzyme. We were able to reconstitute a cell-free system which may resemble that used by succinate-grown cells when oxidizing exogenous D-malate, or by m-cresol-grown cells when metabolizing D-malate formed endogenously from gentisate. One essential component was a fine particle fraction that was probably formed by fragmentation of cellular membranes which carry enzymes of the tricarboxylic acid cycle, and it is not surprising that D-malate was oxidized virtually to completion. The other essential components were soluble cell extract and NADP. However, our experiments shed no light on the initial steps in the oxidation 
